We have extended our previous survey of the association of mitochondrial prevalence in 16 particular tissues with ascites susceptibility in broilers. We previously reported that in breast 17 muscle of 22 week old susceptible line male birds had significantly higher mtDNA copy number 18 relative to nuclear copy number (mtDNA/nucDNA), compared to resistant line male birds. The 19 higher copy number correlated with higher expression of PPARGC1A mRNA gene. Ascites is a 20 significant metabolic disease associated with fast-growing meat-type chickens (broilers) and 21 is a terminal result of pulmonary hypertension syndrome. We now report the mtDNA/nucDNA 22 ratio in lung, liver, heart, thigh, and breast of both genders at 3, and 20 weeks old. At 3 weeks the 23 mtDNA/nucDNA ratio is significantly higher in lung, breast, and thigh for susceptible line males 24 compared to the resistant line males. Conversely, we see the opposite for lung and breast in 25 females. At 20 weeks of age the differences between males from the two lines is lost for lung, 26 and thigh. Although there is a significant reduction in the mtDNA/nucDNA ratio of breast from 27 3 weeks to 20 weeks in the susceptible line males, the susceptible males remain higher than 28 resistant line males for this specific tissue. We assessed relative expression of five genes known 29 to regulate mitochondrial biogenesis for lung, thigh and breast muscle from males and females of 30 both lines with no consistent pattern to explain the marked gender and line differences for these 31 tissues. Our results indicate clear sex differences in mitochondrial biogenesis establishing a 32 strong association between the mtDNA quantity in a tissue-specific manner and correlated with 33 ascites-phenotype. We propose that mtDNA/nucDNA levels could serve as a potential predictive 34 marker in breeding programs to reduce ascites. 3 36 Introduction 37
. Sequences of primer pairs used for RT-qPCR analysis of chicken target and 116 reference genes. For each gene the primer sequence for forward (F) and reverse (R) are listed 117 (5'-3'), genomic location, the annealing temperature in °C used (Ta), the amplicon product 118 length (bp). All primer sequences were synthesized by Integrated DNA Technologies (IDT, 119 Coralville, IA). Statistical analysis 144 Data are presented as means ± SEM. All statistical computations were performed using EXCEL, 145 and significant difference between lines and gender means were assessed by the Student's t-test. 146 Probability level of P ≤ 0.05 was considered statistically significant.
147
Results

148
Previously we evaluated the mitochondrial biogenesis and PPARGC1A mRNA gene expression 149 in male broiler chickens at 22 weeks of age [24] . The analyses compared two experimental lines 150 produced through divergent selection for ascites phenotype; the ascites-susceptible (SUS) and 151 ascites resistant (RES) broiler lines. The comparison was based on five males from each line and 152 the evaluation was for right ventricle and breast. Results showed that birds from SUS had 153 significantly higher mtDNA copy number (P = 0.038) and PPARGC1A RNA gene (P = 0.033) in 154 breast muscle; with no difference in right ventricle. Thus, we suggested that mitochondrial 155 biogenesis and PPARGC1A mRNA gene expression differ between male boilers from RES and 156 SUS lines in a tissue-specific manner. The present report extends our previous analyses to 157 additional muscles and other critical tissues at additional ages and for both genders.
158
From each line, five birds of both sexes were sampled for right ventricle, breast, thigh, lung, and 159 liver at 3 weeks of age. The mtDNA/nucDNA ratio was estimated by qPCR of mt-tRNA ARG
160
(mtDNA) and a single copy region of HTR2B (nucDNA). A higher mtDNA/nucDNA ratio was ratio between the males from the two lines for right ventricle (Fig 1. A), and liver (Fig 1.B) .
166
Although the right ventricle of SUS line males was higher than RES line males, the difference 167 was not statistically significant (P = 0.08). Inspection of the mtDNA/nucDNA ratios across 168 tissues for males from each line revealed that the RES line males were comparable (around 169 1000) for right ventricle, thigh, liver and breast, but only around 100 for lung. The SUS males 170 were much more variable ranging from 100,000 for thigh and lung, to 5,000 to 10,000 for liver, 171 right ventricle, and breast.
172
In contrast to the males, the mtDNA/nucDNA ratio at 3 weeks of age for SUS line females were observed between the females for the two lines for liver (Fig 1.B ), right ventricle (Fig 1.A) , and 177 thigh (Fig 1.D) . Although the liver, and right ventricle of SUS line females was lower than RES 178 line females, the difference was not statistically significant, and the RES line female values for 179 liver were more variable. Examination of the mtDNA/nucDNA ratios across tissues for females 180 for both lines revealed that the SUS line females were comparable (around 1000) for right 181 ventricle, thigh, lung, and breast, and around 10,000 for liver. Unlike for males the RES female 182 samples showed the greatest tissue variation. RES females' ratios ranged from 100,000 for liver 183 and lung, to 10,000 for right ventricle, and 1000 for thigh and breast.
184
Comparison of mtDNA copy number between genders within each line at 3 weeks of age shows 185 significant differences for some tissues. Females from the RES line had higher mtDNA copy 186 number than males from the RES line for lung (P=0.001) and breast (P=0.006). In contrast, 187 males from the SUS line had a relatively higher mtDNA copy number than SUS line females for 10 188 lung (P= 0.05) and thigh (P=0.03). In this study, lung tissue demonstrated the most significant 189 mtDNA/nucDNA ratio differences in respect to both gender and line.
190
Since only lung, thigh and breast showed differences at 3 weeks of age, we examined 191 mtDNA/nucDNA ratios for those same tissues at 20 weeks of age. We restricted our 192 investigation to males since ascites mortality is consistently higher for males than for females in 193 our research lines. This is also consistent with reports from other researchers on commercial 
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A number of genes have been associated with regulation of mitochondrial biogenesis. We 228 selected five of these genes to examine their expression levels using RT-qPCR for the tissues 229 showing the greatest differences for gender or line. The five genes were: AMP-activated protein 230 kinase 1 (AMPKα1), peroxisome proliferator-activated receptor gamma co-activator 1 alpha 231 (PPARGC1A), Sirtuin 1 (SIRT1), optic atrophy 1 (OPA1), and Dynamin-1 like (DNM1L). The 232 expression of these genes were assessed in lung, thigh, and breast of both lines and genders at 3 233 weeks of age, and breast and lung for males at 20 weeks of age. In all cases the relative 234 expression was determined and calibrated against the expression in the RES line.
235
In males at 3 weeks of age, expression of all five genes were reduced in all three tissues (Table   236 2), with the reduction being statistically significant for AMPKα1, OPA1, and DNM1L in lung and 12 237 breast ranging to half the expression in SUS relative to RES. There were no differences in the 238 level of expression PPARGC1A and SIRT1 genes in lung and breast between the two lines at this 239 age. In thigh, there were no differences in expression levels for any of these five genes.
240
Interestingly, an increase in the level of expression of PPARGC1A, SIRT1, and OPA1 genes in mitochondrial oxidative phosphorylation and less efficient utilization of oxygen than in control.
324
On the other hand, more efficient oxidative phosphorylation and lower oxidative stress were 325 observed in mitochondria obtained from broilers selected for genetic resistance to ascites.
326
Accumulation of hydrogen peroxide was observed in heart and skeletal mitochondria in broilers 327 with ascites and of oxygen radical production in ascites liver and lung mitochondria. Therefore,
328
there is no doubt that mitochondrial function is defective in broilers with ascites which leads to 329 increased production of ROS. It is possible that the observed significantly lower mitochondrial 330 biogenesis in male RES and REL lines is indicative of lower oxygen demand or ROS production. 
339
Imbalance in mitochondrial biogenesis may only affect broilers at a young age when ascites is 340 most likely to develop. Contrary to 3 weeks of age, at 20 weeks of age males from the RES and 17 341 SUS lines showed no differences in mtDNA copy number for lung and thigh. One additional 342 potentially confounding aspect is that the 20 week samples were from birds that had been feed 343 restricted since 5 week post hatch. Despite this, the difference in breast mtDNA copy number 344 was still higher for SUS males compared to RES males. Future investigations should examine 345 females for a similar ontological shift in mitochondrial biogenesis, as well as assess the impact of 346 feed restriction. Apparently, the consistent increase in mtDNA/nucDNA ratio between young 347 and old birds of the two lines is restricted to breast muscle which may reflect increased energy 348 demands or a compensatory amplification to overcome the loss of mitochondrial function or 349 oxidative stress. in response to metabolic stress [42, 45] . In our study, SIRT1 was overexpressed in breast tissue 405 of SUS line males at 20 weeks old and in lungs of SUS line females at 3 weeks of old compared 406 to RES birds.
407
In summary, our findings indicate clear sex differences in mitochondrial biogenesis establishing 408 a strong association between the mtDNA content and ascites-susceptibility and ascites-resistance 20 409 in a tissue-specific manner. The mtDNA/nucDNA levels could serve as potential predictive 410 markers to screen for ascites phenotype in birds at early developmental ages. Moreover, this 411 study confirms that the consistent increase in the mtDNA/nucDNA ratio between young and old 412 birds is only restricted to breast muscles. However, it is worth noting that mitochondrial 413 biogenesis is tissue specific. This is because every type of cell and tissue has a specific 414 transcriptional profile, and consequently unique features of metabolic pathways. Our study 415 suggests the possible contribution of the lower expression of AMPKα, OPA1, and DNM1L genes 416 in mitochondrial biogenesis defects in male SUS birds which leads to increase in mtDNA content 417 in some tissues at early ages. Furthermore, our data is consistent with a possible role of 418 PPARGC1A in breast tissue of SUS line males in controlling ascites syndrome progression and 419 improved regulation of mitochondrial biogenesis at older ages. Nevertheless, we have no clear 420 evidence for what genes or regulators are driving the observed sizable sex-differences in mtDNA 421 copy number at an early age. Despite our findings, the precise mechanism that explains the 422 association between mtDNA copy number and ascites syndrome remains unknown. To address 423 this further in the future, we need to test larger sample numbers, more tissues, and different 
